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Description

TECHNICAL FIELD

[0001] The disclosure generally relates to the field of
electronic paper displays. More particularly, the invention

relates to updating electronic paper displays.

BACKGROUND ART

[0002] Several technologies have been introduced re-
cently that provide some of the properties of paper in a
display that can be updated electronically.

[0003] Some of the desirable properties of paper that
this type of display tries to achieve include: low power
consumption, flexibility, wide viewing angle, low cost,
light weight, high resolution, high contrast, and readability
indoors and outdoors. Because these displays attempt
to mimic the characteristics of paper, these displays are
referred to as electronic paper displays (EPDs) in this
application. Other names for this type of display include:
paper-like displays, zero power displays, e-paper, bi-sta-
ble and electrophoretic displays.

[0004] A comparison of EPDs to Cathode Ray Tube
(CRT) displays or Liquid Crystal Displays (LCDs) reveal
thatin general, EPDs require less power and have higher
spatial resolution; but have the disadvantages of slower
update rates, less accurate gray level control, and lower
color resolution. Many electronic paper displays are cur-
rently only grayscale devices. Color devices are becom-
ing available although often through the addition of a color
filter, which tends to reduce the spatial resolution and the
contrast.

[0005] Electronic Paper Displays are typically reflec-
tive rather than transmissive. Thus they are able to use
ambient light rather than requiring a lighting source in the
device. This allows EPDs to maintain an image without
using power. They are sometimes referred to as "bi-sta-
ble" because black or white pixels can be displayed con-
tinuously and power is only needed to change from one
state to another. However, some devices are stable at
multiple states and thus support multiple gray levels with-
out power consumption.

[0006] Electronic paper displays are controlled by ap-
plying a waveform or array of values to a pixel instead of
just a single value like a typical LCD. Some controllers
for driving the displays are configured like an indexed
color-mapped display. The framebuffer of these electron-
ic paper displays contains an index to the waveform used
to update that pixel instead of the waveform itself.
[0007] While electronic paperdisplays have many ben-
efits, a problem is that most EPD technologies require a
relatively long time to update the image as compared
with conventional CRT or LCD displays. A typical LCD
takes approximately 5 milliseconds to change to the cor-
rect value, supporting frame rates of up to two hundred
frames per second (the achievable frame rate is typically
limited by the ability of the display driver electronics to
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modify all the pixels in the display). In contrast, many
electronic paper displays, e.g. the E Ink displays, take
on the order of three hundred to one thousand millisec-
onds to change a pixel value from white to black. While
this update time is generally sufficient for the page turning
needed by electronic books, it is problematic for interac-
tive applications like pen tracking, user interfaces, and
the display of video.

[0008] One type of EPD called a microencapsulated
electrophoretic (MEP) display moves hundreds of parti-
cles through a viscous fluid to update a single pixel. The
viscous fluid limits the movement of the particles when
no electric field is applied and gives the EPD its property
of being able to retain an image without power. This fluid
also restricts the particle movement when an electric field
is applied and causes the display to be very slow to up-
date compared to other types of displays.

[0009] Whendisplaying avideo oranimation, each pix-
el should ideally be at the desired reflectance for the du-
ration of the video frame, i.e. until the next requested
reflectance is received. However, every display exhibits
some latency between the request for a particular reflect-
ance and the time when that reflectance is achieved. If
a video is running at 10 frames per second and the time
required to change a pixel is 10 milliseconds, the pixel
will display the correct reflectance for 90 milliseconds
and the effect will be as desired. If it takes one hundred
milliseconds to change the pixel, it will be time to change
the pixel to another reflectance just as the pixel achieves
the correctreflectance of the prior frame. Finally, if it takes
two hundred milliseconds for the pixel to change, the pixel
will never have the correct reflectance except in the cir-
cumstance where the pixel was very near the correct
reflectance already, i.e. slowly changing imagery.
[0010] Further, in current electronic paper displays, all
pixels must be updated simultaneously. In order to
change the entire display, the previous display change
must be complete. The waveform used to update the
display is based on the prior value and that value is un-
known if an update is interrupted.

[0011] Itwouldtherefore be highly desirable to produce
an electronic paper display that overcomes the update
speed and contrast constraints of current electronic pa-
per display, thus allowing for faster, and more "real-time"-
like update of bi-stable displays.

[0012] WO 2005/101362 A2 discloses an electro-
phoretic display in which image update on an individual
pixel may be started regardless of the status of any image
updates of any other pixels.

[0013] WO 2005/054933 and WO 2005/031688 A1 are
concerned with reducing errors in electrophoretic dis-
plays which are due to remnant voltage.

DISCLOSURE OF THE INVENTION

[0014] One embodiment of a disclosed system (and
method) for updating a bi-stable display includes a frame-
buffer for storing waveforms for each pixel individually.
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The systemincludes determining a current state of a pixel
of the bi-stable display; determining a desired state of
the pixel of the bistable display; and updating the pixel
by applying a determined control signal to the pixel to
drive the pixel from the current state to the final state.
Updating each pixel occurs independently of the other
pixels of the bi-stable display.

[0015] The features and advantages described in the
specification are not all inclusive and, in particular, many
additional features and advantages will be apparent to
one of ordinary skill in the art in view of the drawings,
specification, and claims. Moreover, it should be noted
that the language used in the specification has been prin-
cipally selected for readability and instructional purpos-
es, and may not have been selected to delineate or cir-
cumscribe the disclosed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The disclosed embodiments have other advan-
tages and features which will be more readily apparent
from the detailed description, the appended claims, and
the accompanying figures (or drawings). A brief introduc-
tion of the figures is below.

(FIG.) 1illustrates a cross-sectional view of a portion
of an exemplary electronic paper display in accord-
ance with some embodiments.

FIG. 2 illustrates a block diagram of an electronic
paper display system in accordance with some em-
bodiments.

FIG. 3illustrates a modified block diagram of an elec-
tronic paper display system in accordance with some
embodiments.

FIG. 4 illustrates a high level flow chart of a method
for updating a bi-stable display in accordance with
some embodiments.

[0017] The figures depict various embodiments of the
present invention for purposes of illustration only. One
skilled in the art will readily recognize from the following
discussion that alternative embodiments of the structures
and methods illustrated herein may be employed without
departing from the principles of the invention described
herein.

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] The Figures (FIGS.) and the following descrip-
tionrelate to preferred embodiments by way of illustration
only. lt should be noted that from the following discussion,
alternative embodiments of the structures and methods
disclosed herein will be readily recognized as viable al-
ternatives that may be employed without departing from
the principles of what is claimed.

[0019] Reference will now be made in detail to several
embodiments, examples of which are illustrated in the
accompanying figures. It is noted that wherever practi-
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cable similar or like reference numbers may be used in
the figures and may indicate similar or like functionality.
The figures depict embodiments of the disclosed system
(or method) for purposes of illustration only. One skilled
in the art will readily recognize from the following descrip-
tion that alternative embodiments of the structures and
methods illustrated herein may be employed without de-
parting from the principles described herein.

[0020] As used herein any reference to "one embodi-
ment," "an embodiment,"” or "some embodiments" means
that a particular element, feature, structure, or charac-
teristic described in connection with the embodiment is
included in at least one embodiment. The appearances
of the phrase "in one embodiment" in various places in
the specification are not necessarily all referring to the
same embodiment.

[0021] Some embodiments may be described using
the expression "coupled" and "connected" along with
their derivatives. It should be understood that these terms
are not intended as synonyms for each other. For exam-
ple, some embodiments may be described using the term
"connected" to indicate that two or more elements are in
direct physical or electrical contact with each other. In
another example, some embodiments may be described
using the term "coupled" to indicate that two or more el-
ements are in direct physical or electrical contact. The
term "coupled," however, may also mean thattwo or more
elements are not in direct contact with each other, but
yet still co-operate or interact with each other. The em-
bodiments are not limited in this context.

[0022] As used herein, the terms "comprises," "com-
prising," "includes," "including," "has," "having" or any
other variation thereof, are intended to cover a non-ex-
clusive inclusion. Forexample, a process, method, article
or apparatus that comprises a list of elements is not nec-
essarily limited to only those elements but may include
other elements not expressly listed or inherent to such
process, method, article or apparatus. Further, unless
expressly stated to the contrary, "or" refers to aninclusive
or and not to an exclusive or. For example, a condition
A or B is satisfied by any one of the following: A is true
(or present) and B is false (or not present), A is false (or
not present) and B is true (or present), and both A and
B are true (or present).

[0023] In addition, use of the "a" or "an" are employed
to describe elements and components of the embodi-
ments herein. This is done merely for convenience and
to give a general sense of the invention. This description
should be read to include one or at least one and the
singular also includes the plural unless it is obvious that
it is meant otherwise.

[0024] Reference will now be made in detail to several
embodiments, examples of which are illustrated in the
accompanying figures. It is noted that wherever practi-
cable similar or like reference numbers may be used in
the figures and may indicate similar or like functionality.
The figures depict embodiments of the disclosed system
(or method) for purposes of illustration only. One skilled
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in the art will readily recognize from the following descrip-
tion that alternative embodiments of the structures and
methods illustrated herein may be employed without de-
parting from the principles described herein.

DEVICE OVERVIEW

[0025] Figure (FIG.) 1illustrates a cross-sectional view
of a portion of an exemplary electronic paper display 100
in accordance with some embodiments. The compo-
nents of the electronic paper display 100 are sandwiched
between a top transparent electrode 102 and a bottom
backplane 116. The top transparent electrode 102 is a
thin layer of transparent material. The top transparent
electrode 102 allows for viewing of microcapsules 118
of the electronic paper display 100.

[0026] Directly beneath the top transparent electrode
102 is the microcapsule layer 120. In one embodiment,
the microcapsule layer 120 includes closely packed mi-
crocapsules 118 having a clear fluid 108 and some black
particles 112 and white particles 110. In some embodi-
ments, the microcapsule 118 includes positively charged
white particles 110 and negatively charged black parti-
cles 112. In other embodiments, the microcapsule 118
includes positively charged black particles 112 and neg-
atively charged white particles 110. In yet other embod-
iments, the microcapsule 118 may include colored par-
ticles of one polarity and different colored particles of the
opposite polarity. In some embodiments, the top trans-
parent electrode 102 includes a transparent conductive
material such as indium tin oxide.

[0027] Disposed below the microcapsule layer 120 is
a lower electrode layer 114. The lower electrode layer
114 is a network of electrodes used to drive the micro-
capsules 118 to a desired optical state. The network of
electrodes is connected to display circuitry, which turns
the electronic paper display "on" and "off" at specific pix-
els by applying a voltage to specific electrodes. Applying
a negative charge to the electrode repels the negatively
charged particles 112 to the top of microcapsule 118,
forcing the positively charged white particles 110 to the
bottom and giving the pixel a black appearance. Revers-
ing the voltage has the opposite effect - the positively
charged white particles 112 are forced to the surface,
giving the pixel a white appearance. The reflectance
(brightness) of a pixel in an EPD changes as voltage is
applied. The amountthe pixel’s reflectance changes may
depend on both the amount of voltage and the length of
time for which it is applied, with zero voltage leaving the
pixel’s reflectance unchanged.

[0028] The electrophoretic microcapsules of the layer
120 may be individually activated to a desired optical
state, such as black, white or gray. In some embodi-
ments, the desired optical state may be any other pre-
scribed color. Each pixel in layer 114 may be associated
with one or more microcapsules 118 contained with a
microcapsule layer 120. Each microcapsule 118 includes
a plurality of tiny particles 110 and 112 that are suspend-
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edin aclearfluid 108. In some embodiments, the plurality
of tiny particles 110 and 112 are suspended in a clear
liquid polymer.

[0029] The lower electrode layer 114 is disposed on
top of abackplane 116. In one embodiment, the electrode
layer 114 is integral with the backplane layer 116. The
backplane 116 is a plastic or ceramic backing layer. In
otherembodiments, the backplane 116 is a metal or glass
backing layer. The electrode layer 114 includes an array
of addressable pixel electrodes and supporting electron-
ics.

SYSTEM AND METHOD OVERVIEW

[0030] FIG.2illustrates a block diagram of an electron-
ic paper display system in accordance with some em-
bodiments. Data associated with a desired image, or new
input image 202, is provided into the system 200.
[0031] Insomeembodiments, the system 200 includes
optional image buffers, such as desired image buffer 204
and currentimage buffer 206. In some embodiments, the
desired image data (new input image 202) is sent and
stored in an optional desired image buffer 204 which in-
cludes information associated with the desired image.
An optional current image buffer 206 stores at least one
current image in order to determine how to change the
display to the new desired image. In one embodiment,
the current image buffer 206 is coupled to receive the
current image from the desired image buffer 204 once
the display has been updated to show the current desired
image. In one embodiment, the current image buffer 206
is updated dynamically as waveforms are applied to each
pixel.

[0032] The system 200 also includes a framebuffer
208, which is large enough for each pixel to store the
waveform directly, instead of having each pixel store an
index to the waveform. For example, the framebuffer 208
may store thirty-two bit pairs for each pixel. One bit pair
may represent each of the three possible voltages, +15,
-15 and zero voltage (no change in voltage). In other
words, "01" may represent +15, "10" may represent -15,
and "00" or "11" may represent zero (no change). Each
bit pair is applied for a twenty ms frame, and thirty-two
bit pairs (or sixty-four bits) would leave room for an arbi-
trary waveform of 32 x 20 milliseconds (ms) or six hun-
dred forty ms. The number of bit pairs may be increased
iflonger waveforms are desired. Therefore, aframebuffer
for a 640 x 480 pixel screen with a thirty-two bit pair wave-
form would require approximately 2.46 megabytes of
memory.

[0033] By keeping track of the waveform for each pixel
individually, there can be complete control of the entire
display, which can update individual pixels starting at any
time, therefore reducing perceived latency. In some em-
bodiments, an image update may proceed by filling all
the pixel waveform bit pairs with the correct waveforms
and then stepping through each bit pair for each pixel.
The process of stepping through the bit pairs and updat-
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ing the pixels would also clear the full framebuffer. Upon
reaching the end, the image could be updated again by
writing new waveforms into the bit pairs of each pixel that
will be modified.

[0034] There are a number of ways to control the dis-
play using the full framebuffer 208 of bit pairs. In one
embodiment, as described above, the entire display is
updated simultaneously by filling every bit pair with the
appropriate value to generate the correct waveform for
each pixel. For instance, the thirty-two bit pairs for the
upper left pixel, if the pixel were to remain unchanged,
would be filled with "00"s indicating that at no time during
the image update should a voltage be applied to that
pixel. Alternatively, if a specific waveform was to be ap-
plied to the pixel, a series of "00"s, "01"s, "10"s and "11"s
would be placed in the thirty-two bit pairs in a way that
would indicate the appropriate 0, -15, and +15 volt wave-
form where each bit pair indicates a voltage to be applied
for twenty milliseconds in one embodiment. The wave-
form or sequence of values would be designed to change
the pixel from one reflectance value to another reflect-
ance value at the end of the waveform.

[0035] The waveform is applied by the display control-
ler 214 to the physical media 216 in twenty millisecond
increments. After each increment, the display controller
resets the bit pair that was just used to apply a voltage
to the pixel back to "00" so that when the display controller
reaches that bit pair again next time through the full
framebuffer, it doesn’t modify the pixel a second time.
[0036] Thirty-two bit pairs represent a maximum wave-
form of 32 x 20 milliseconds or six hundred forty millisec-
onds. In one embodiment, it is desirable to change all of
the pixels simultaneously. The waveform for each pixel
can be loaded in a way that the first voltage change for
that pixel corresponds to the first bit pair in the frame-
buffer 208, the second voltage change corresponds to
the second bit pair, etc. The display controller 214 uses
the values from the full framebuffer 208 by accessing the
first bit pair for each pixel and setting the voltages to
correspond to the valuesin those first bit pairs. After twen-
ty milliseconds, the display controller changes the volt-
ages to correspond to the values stored in the second
bit pairs for every pixel. This continues until the end of
the longest waveform stored for any pixel.

[0037] The disadvantage of controlling the display in
this manner is that the pixel can not be modified or
changed independently. An alternative method in anoth-
er embodiment is to cycle through the bit pairs continu-
ously by maintaining an index value that initially starts at
zero, incrementing by one until it reaches thirty-one and
then returning to zero. In some embodiments, the incre-
ment happens every twenty milliseconds at which time
the display controller accesses the bit pair corresponding
to the index value for every pixel and applies a voltage
to that pixel corresponding to the bit pair stored at that
index for that pixel.

[0038] If all of the bit pairs for all of the pixels are set
at "00", a zero voltage is maintained at all of the pixels
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so that no pixels are updated. When the desired image
202 is changed by a single pixel, the bit pairs for that
pixel are modified. However, instead of storing the wave-
form with the first waveform bit pair at index 0, the first
waveform bit pair is stored at the next index value to be
accessed by the display controller. For instance, if the
current index value is five, the first bit pair for the wave-
form is stored at index six for that pixel and the subse-
quent waveform values are stored in subsequent bit
pairs. If the index is currently thirty-one, the next wave-
form value should be stored at index zero for that pixel.
[0039] This allows the display pixels to be updated in-
dependently regardless of the current state of any other
pixels in the display. If the top of the display is in the
middle of an update, an update can be started on the
bottom half just by writing the correct waveforms begin-
ning in the index+1 bit pair. Any pixel change can be
started at any time in the future six hundred forty milli-
seconds by writing sufficiently far ahead in the bit pair
framebuffer.

[0040] Inanother embodimentitis desirable to change
pixels at various times. For instance, it may be desirable
to change the upper left pixel starting at time T and the
pixel just to the right of it starting at time T + AT. If AT is
sixty milliseconds, the waveform values can be written
to bit pair index + 3 where three equals sixty milliseconds
divided by twenty milliseconds.

[0041] In one embodiment, it may be desirable to
change the desiredfinal value of a pixel even in the middle
of a waveform. For example, if changing a pixel from
black to white took four hundred milliseconds, the wave-
form might contain twenty bit pairs of "01" indicating +15
volts should be applied to the pixel for four hundred mil-
liseconds. If at the two hundred millisecond point it was
decided that the pixel should be black after all, it would
be desirable to convert the remaining bit pairs to "10"
indicating that -15 volts should be applied for the remain-
ing two hundred milliseconds to drive the pixel back to
black. In current systems, the display driver waits until
the pixel is driven all the way to white and then applies
the "white to black" waveform meaning that the total
elapsed time is eight hundred milliseconds including both
the change from "black to white" and the change from
"white to black".

[0042] Inoneembodimentthe currentimage buffer206
is dynamically updated to indicate the current state of the
display based on a simulation of how the physical media
is being changed. For instance, after each bit pair is ap-
plied to the physical media 216, a small change is re-
corded in the current image buffer 206. At any time a
change is made to the desired image buffer 204, the dif-
ference between the current image buffer 206 and de-
sired image buffer 204 can be calculated and the correct
waveform can be written to the bit pairs.

[0043] Dynamically updating the current image buffer
requires a simulation of what is happening to the physical
media based on the voltages applied. A simple model of
the reaction of the physical media to voltage impulses
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can be made part of the display controller or an external
processor. In one embodiment, the model or simulation
of the physical media reaction can be a linear model
where a voltage applied for twenty milliseconds always
changes the reflectance of the physical media by a cer-
tain amount either in the negative or positive direction
based on the sign of the voltage applied.

[0044] In one embodiment, the reflectance change of
the physical media is a function of the current reflectance.
In one embodiment the model also represents an error
value or a probability that the reflectance change was
more or less than that assumed by the model. In one
embodiment, the error accumulates as the waveform is
applied to a pixel and that error is stored in an error buffer
213 for that pixel. The error is the difference between the
calculated reflectance value and the actual reflectance
value on the physical display and can only be estimated.
A simulation module 211 computes error values by taking
inputs from the desired image buffer 204, current image
buffer 206, full framebuffer 208 and index 209 and out-
puts the error to the error buffer 213. The error buffer 213
contains enough storage to remember the accumulated
error for each pixel. The error magnitude is checked be-
fore each pixel is driven to a new reflectance value and
if the error is too high, the pixel is reset by driving it to
white or black before sending it to the new reflectance
value in order to minimize the difference between an ac-
tual reflectance value and a calculated reflectance value.
[0045] Those familiar with electronic paper displays
will recognize that as a pixel is driven to black or white
that the reflectance changes much less than when the
pixel is at the middle gray level. One way to reduce the
error of a pixel is to drive it to black or white which puts
itin a known state. As errors accumulate for a given pixel,
it will be possible to reset the error value for that pixel by
driving it to black or white before driving it to the final
value.

[0046] In one embodiment a set of bit pairs for a pixel
will contain a waveform indicating how that pixel should
be driven in the next six hundred and forty milliseconds
to move it to the desired value stored for that pixel in the
desired image buffer 204. After each twenty milliseconds
when the display controller 214 applies the requested
voltage value to the pixel, the current image buffer 206
is updated toindicate the current state and the error buffer
213 is updated to reflect the potential accumulated error
in the pixel. If it is determined that the error has accumu-
lated enough to distort the image when a waveform is
written for the pixel, the new waveform may be written in
away that the pixel is driven to black or white to eliminate
the error before arriving at the final state requested in the
desired image buffer 206. In other words, the waveform
chosen and written in the full framebuffer for a specific
pixel depends on the current state of the pixel, the desired
state of the pixel and the accumulated error of that pixel.
If the accumulated error is low based on the previous
waveforms, a direct waveform will be used which moves
the pixel directly to the new value. If the error has accu-
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mulated substantially, an indirect waveform will be used
to move the pixel to white or black before settling in the
final reflectance value.

[0047] For a traditional display like a CRT or LCD, the
input image could be used to select the voltage to drive
the display, and the same voltage would be applied con-
tinuously at each pixel until a new input image was pro-
vided. In the case of displays with state, however, the
correct voltage to apply depends on the current state.
For example, no voltage need be applied if the previous
image is the same as the desired image. However, if the
previous image is different than the desired image, a volt-
age needs to be applied based on the state of the current
image, a desired state to achieve the desired image, and
the amount of time to reach the desired state. For exam-
ple, if the previous image is black and the desired image
is white, a positive voltage may be applied for some
length of time in order to achieve the white image, and if
the previous image is white and the desired image is
black, a negative voltage may be applied in order to
achieve the desired black image. Thus, the display con-
troller 214 in FIG. 4 uses the information in the desired
image buffer 204 and the current image buffer 206 to
selectawaveform to transition the pixel from current state
to the desired state.

[0048] Insome embodiments, the required waveforms
used to achieve multiple states can be obtained by con-
necting the waveform used to go from the initial state to
an intermediate state to the waveform used to go from
the intermediate state to the final state. Because there
will now be multiple waveforms for each transition, it may
be useful to have hardware capable of storing more
waveforms. In some embodiments, hardware capable of
storing waveforms for any one of sixteen levels to any
other one of sixteen gray levels requires two hundred
fifty-six waveforms. If the imagery is limited to four levels,
then only sixteen waveforms are needed without using
intermediate levels, and thus there could be sixteen dif-
ferent waveforms stored for each transition.

[0049] With most current hardware there is no way to
directly read the currentreflectance values from the phys-
ical media 216; therefore, their values can be estimated
using empirical data or a model of the physical media
216 and knowledge of previous voltages that have been
applied as described above. In other words, the update
process for physical media 216 is an open-loop control
system. It may be possible to obtain a fairly accurate
model of the waveform/pixel interaction, but it will not be
accurate for all situations. Errors or differences between
the expectedreflectance value and the actual reflectance
value may exist. These errors or differences may be cor-
rected by driving the pixels "to the rails," or in other words,
making a pixel saturated black or saturated white. This
puts the pixel in a known state. From that known state,
in some embodiments, the difference between the ex-
pected reflectance and the actual reflectance has been
minimized. This indicates that it is favorable to synchro-
nize the model with the actual reflectance values by oc-
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casionally pushing a pixel to a pure white or a pure black
state. In some embodiments, there is an error buffer 213
that keeps track of an estimate of the possible error and
when the error gets too high for a single pixel, that pixel
may be driven either all the way black or all the white
before settling on a final reflectance value.

[0050] Insomeembodiments, the environment the dis-
play is in, in particular the lighting, and how a human
observer views the image through the physical media
216 determine the final displayed image 222. Usually,
the display is intended for a human user and the human
visual system plays a large role on the perceived image
quality. Thus some artifacts that are only small differenc-
es between desired reflectance and actual reflectance
can be more objectionable than some larger changes in
the image that are less perceivable by a human. Some
embodiments are designed to produce images that have
large differences with the desired reflectance image, but
better perceived images. Halftoned images are one such
example.

[0051] The system described above is a framebuffer
that stores waveforms for each pixel individually. By
keeping track of the waveform for each pixel individually,
there can be complete control of the entire display. Indi-
vidual pixel updates can start at anytime, and perceived
latency may be reduced.

[0052] In other embodiments, this method of updating
a bi-stable display may enable better pen tracking, video
display, animation display, and overall, faster user inter-
faces for electronic paper displays.

[0053] FIG. 3 illustrates a modified block diagram of
an electronic paper display system in accordance with
some embodiments. One embodiment of the system for
updating an electronic paper display would include a
field-programmable gate array (FPGA) 302 which is pro-
grammed to accept a new input image 202 and to keep
track of the current image buffer 206, full framebuffer
208, error buffer 213 and index 209 in random access
memory (RAM) 304 and driving the display controller di-
rectly. All the calculations for the simulation of the re-
sponse of the physical media and error accumulation can
happen in the FPGA 302.

[0054] FIG. 4 illustrates a high level flow chart of a
method 400 for updating a bi-stable display in accord-
ance with some embodiments. The method 400 is per-
formed for each pixel individually, this allowing for indi-
vidual pixel updates that start at any time. In other words,
each pixel may be updated independent of one another
with the following described method 400. A pixel write
request is received 402. The current state of the pixel is
checked 406.

[0055] Subsequently, a determination 408 is made as
to whether the current state is equal to the requested
state. If the current state is equal to the requested state
(408-Yes), no action is taken. In other words, no change
is applied to the pixel, and therefore the state stays the
same since the current state is equal to the requested
state. If the current state is not equal to the requested
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state (408-No), the display controller determines 412 the
control signal to be applied to the pixel in order to achieve
the desired state. Once the control signal or waveform
is determined, the appropriate values are written to the
bit pairs for that pixel 414.

[0056] The presentapplicationisbasedonU.S. Patent
Application No. 60/944,415, filed June 15, 2007 and No.
12/059,441, filed March 31, 2008.

Claims

1. A method of updating an image on a bi-stable dis-
play, comprising:

determining a current state of a pixel of the bi-
stable display;

determining a desired state of the pixel of the bi-
stable display, the desired state being white or
black;

storing a plurality of waveforms in a framebuffer,
one waveform for each pixel, each waveform
comprising a predetermined number of bit pairs;
updating, during a number of frame periods, the
pixel by applying a determined control signal to
the pixel to drive the pixel from the current state
to the desired state, by applying, during each
frame period, a voltage represented by a corre-
sponding bit pair of the waveform for said pixel;
wherein the updating for each pixel occurs in-
dependently of the other pixels of the bi-stable
display;

characterized by

determining, while the pixel is being driven to a
desired final state, whether the desired final
state has been changed, and, if the desired final
state has been changed, converting, in the
framebuffer, only the remaining bit pairs of the
respective waveform for the driven pixel accord-
ing to the new desired state.

2. The method of claim 1, further comprising: determin-
ing a control signal for driving the pixel from the cur-
rent state to the desired state.

3. An apparatus (200) for updating an image on a bi-
stable display, comprising:

a module (206) for determining a current state
of a pixel of the bi-stable display;

a module (204) for determining a desired state
of the pixel of the bi-stable display, the desired
state being black or white;

a framebuffer (208) for storing a plurality of
waveforms, one waveform for each pixel, each
waveform comprising a predetermined number
of bit pairs;

and a module (214) for updating, during a
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number of frame periods, the pixel by applying
a determined control signal to the pixel to drive
the pixel from the current state to the desired
state, by applying, during each frame period, a

ist, und, wenn der gewtiinschte Endzustand ge-
andert worden ist, Umwandeln nur der tbrigen
Bitpaare der jeweiligen Wellenform fiir das an-

getrieben Pixel in dem Framebuffer gemal dem
neuen gewlinschten Zustand.

2. Verfahrengemaf Anspruch 1, ferner enthaltend: Be-

voltage represented by a corresponding bit pair 5 stimmen eines Steuersignals zum Antreiben des Pi-
of the waveform for said pixel; xels von dem gegenwartigen Zustand in den ge-
wherein the updating for each pixel occurs in- wulnschten Zustand.
dependently of the other pixels of the bi-stable
display, 3. Vorrichtung (200) zum Aktualisieren eines Bilds auf
characterized in that the module (214) for up- 10 einer bistabilen Anzeigevorrichtung, enthaltend:
dating the pixel is configured to determine, while
the pixel is being driven to a desired final state, ein Modul (206) zum Bestimmen eines gegen-
whether the desired final state has been wartigen Zustands eines Pixels einer bistabilen
changed, and, if the desired final state has been Anzeigevorrichtung;
changed, converting, inthe framebuffer, onlythe 75 ein Modul (204) zum Bestimmen eines ge-
remaining bit pairs of the respective waveform wlnschten Zustands des Pixels der bistabilen
for the driven pixel according to the new desired Anzeigevorrichtung, wobei der gewlinschte Zu-
state. stand schwarz oder weil} ist;
einen Framebuffer (208) zum Speichern einer
4. The apparatus of claim 3, further comprising: 20 Mehrzahl Wellenformen, eine Wellenform fir je-
des Pixel, wobei jede Wellenform eine vorbe-
a module (214) for determining a control signal stimmte Anzahl Bitpaare enthalt;
for driving the pixel from the current state to the und ein Modul (214) zum Aktualisieren des Pi-
desired state. xels wahrend einer Anzahl Frameperioden
25 durch Anwenden eines bestimmten Steuersig-
nals auf das Pixel, um das Pixel von dem ge-
Patentanspriiche genwartigen Zustand in den gewiinschten Zu-
stand anzutreiben, indem wahrend jeder Frame-
1. Verfahren zum Aktualisieren eines Bilds auf einer periode eine durch ein entsprechendes Bitpaar
bistabilen Anzeigevorrichtung, enthaltend: 30 der Wellenform reprasentierte Spannung fir
das Pixel angewandt wird; reprasentierte Span-
Bestimmen eines gegenwartigen Zustands ei- nung angewandt wird;
nes Pixels der bistabilen Anzeigevorrichtung; wobei das Aktualisieren fir jedes Pixel unab-
Bestimmen eines gewlinschten Zustands des hangig von den anderen Pixeln der bistabilen
Pixels der bistabilen Anzeigevorrichtung, wobei 35 Anzeigevorrichtung stattfindet;
der gewiinschte Zustand weil} oder schwarz ist; dadurch gekennzeichnet, dass das Modul
Speichern einer Mehrzahl von Wellenformen in (214) zum Aktualisieren des Pixels eingerichtet
einem Framebuffer, eine Wellenform fir jedes ist zu bestimmen, wahrend das Pixel in einen
Pixel, wobei jede Wellenform eine vorbestimmte gewtnschten Endzustand angetrieben wird, ob
Zahl Bitpaare enthalt; 40 der gewlinschte Endzustand geéandert worden
Aktualisieren des Pixels wahrend einer Anzahl ist, und, wenn der gewlinschte Endzustand ge-
von Frameperioden durch Anwenden eines be- andert worden ist, im Framebuffer nur die Ubri-
stimmten Steuersignals auf das Pixel, um das gen Bitpaare der jeweiligen Wellenform fir das
Pixel vom gegenwartigen Zustand in den ge- angetriebene Pixel gemal dem neuen ge-
wiinschten Zustand zu anzutreiben, indemwéah- 45 wiinschten Zustand umzuwandeln.
rend jeder Frameperiode eine durch ein ent-
sprechendes Bitpaar der Wellenform flir das Pi- 4. Vorrichtung gemaR Anspruch 3, ferner enthaltend:
xel reprasentierte Spannung angewandt wird;
wobei das Aktualisieren fir jedes Pixel unab- ein Modul (214) zum Bestimmen eines Steuer-
hangig von den anderen Pixeln der bistabilen 50 signals zum Antreiben des Pixels von dem ge-
Anzeigevorrichtung stattfindet; genwartigen Zustand in den gewiinschten Zu-
gekennzeichnet durch stand.
Bestimmen, wahrend das Pixel in einen ge-
wiinschten Endzustand angetrieben wird, ob
der gewilinschte Endzustand geandert worden 55 Revendications

1. Procédé de mise a jour d’'une image sur un afficheur
bistable, comprenant :
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la détermination d’un état actuel d’'un pixel de
I'afficheur bistable ;

la détermination d’un état souhaité du pixel de
I'afficheur bistable, I'état souhaité étant blanc ou
noir ;

le stockage d’une pluralité de formes d’'onde
dans un tampon de trame, une forme d’onde
pour chaque pixel, chaque forme d’onde com-
prenant un nombre prédéterminé de paires de
bits ;

la mise a jour, pendant un nombre de périodes
de trame, du pixel en appliquant un signal de
commande déterminé au pixel pour piloter le
pixel de I'état actuel a I'état souhaité, en appli-
quant, pendant chaque période de trame, une
tension représentée par une paire de bits cor-
respondante de laforme d’onde pourledit pixel ;
dans lequel la mise a jour pour chaque pixel se
produit indépendamment des autres pixels de
I'afficheur bistable ;

caractérisé par

la détermination, pendant que le pixel est piloté
vers un état final souhaité, de si I'état final sou-
haité a été changé, et, si I'état final souhaité a
été changeé, la conversion, dans le tampon de
trame, d’uniquement les paires de bits restantes
de laforme d’onde respective pour le pixel piloté
selon le nouvel état souhaité.

Procédé selon la revendication 1, comprenant en
outre : la détermination d’'un signal de commande
pour piloter le pixel de I'état actuel a I'état souhaité.

Appareil (200) pour mettre a jour une image sur un
afficheur bistable, comprenant :

un module (206) pour déterminer un état actuel
d’un pixel de I'afficheur bistable ;

un module (204) pour déterminer un état sou-
haité du pixel de I'afficheur bistable, I'état sou-
haité étant noir ou blanc ;

un tampon de trame (208) pour stocker une plu-
ralité de formes d’onde, une forme d’onde pour
chaque pixel, chaque forme d’onde comprenant
un nombre prédéterminé de paires de bits ;

et un module (214) pour mettre a jour, pendant
un nombre de périodes de trame, le pixel en
appliquant un signal de commande déterminé
au pixel pour piloter le pixel de I'état actuel a
I'état souhaité, en appliquant, pendant chaque
période de trame, une tension représentée par
une paire de bits correspondante de la forme
d’onde pour ledit pixel ;

dans lequel la mise a jour pour chaque pixel se
produit indépendamment des autres pixels de
I'afficheur bistable,

caractérisé en ce que le module (214) pour
mettre a jour le pixel est configuré pour déter-
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miner, pendant que le pixel est piloté vers un
état final souhaité, si I'état final souhaité a été
changé, et, si I'état final souhaité a été changé,
convertir, dans le tampon de trame, uniquement
les paires de bits restantes de la forme d’'onde
respective pour le pixel piloté selon le nouvel
état souhaité.

4. Appareil selon la revendication 3, comprenant en
outre :

un module (214) pour déterminer un signal de
commande pour piloter le pixel de I'état actuel
a I'état souhaité.
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FIG.4
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